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(54) Circuit for supplying the pixel in a luminescent display device with a prescribed current 



(57) A data line drive circuit is equipped with a single 
line driver 300 and a gate voltage generation circuit 400. 
The single line driver 300 is constructed such that N 
groups (where N is an integer 2 or larger) of series con- 
nections of drive transistors 21 to 28 and switching tran- 
sistors 81 to 88 are connected in parallel. The gate volt- 
age generation circuit 400 includes two transistors 71 



and 72 constituting a current mirror circuit, a drive tran- 
sistor 73, and a constant voltage generation transistor 
31 . The range of an output current l out can be controlled 
by changing any of the design values of the parameters 
including: relative values K a and K b of the gain coeffi- 
cient for the transistors 31 and 32, the source voitage 
VDREF of the gate voltage generation circuit 400, and 
the gate signal VRIN of the drive transistor 73. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to technology for gener- 
ating a programming current supplied for setting the light 
emission level of a pixel circuit in a luminescent device. 

Description of the Related Art 

[0002] In recent years, electro-optical devices have 
been developed using organic electroluminescent de- 
vices. A backlight is unneeded for organic electrolumi- 
nescent devices as they are self-luminescent, so it is 
expected that they will be used to achieve display de- 
vices with low power consumption, a wide viewing angle 
and a high contrast ratio. In the present specification, 
an "electro-optical device" refers to a device for convert- 
ing electrical signals to light. The most common form of 
an electro-optical device is a display device for convert- 
ing electrical signals representing images to light repre- 
senting images. 

[0003] In an active matrix driven electro-optical device 
using organic electroluminescent devices, a pixel circuit 
is provided to adjust the light emission level or lumines- 
cent scale of each organic electroluminescent device. 
The light emission level in each pixel circuit is set by 
supplying a voltage or current value to the pixel circuit 
corresponding to the light emission level. The method 
of setting a light emission level using voltage is called a 
voltage programming method, and that for setting a light 
emission level using a current value is called a current 
programming method. Herein, the term "programming" 
is used to mean "setting the light emission level". In the 
current programming method, the current used when 
programming a pixel circuit is called the "programming 
current". In a current programming type electro-optical 
device, a current generation circuit is used to generate 
a programming current having an accurate current value 
corresponding to the light emission level and supplying 
it to each pixel. 

[0004] A programming current value corresponding to 
the light emission level, however, depends on the struc- 
ture of the pixel circuit The structure of pixel circuits of- 
ten differs somewhat according to the design of the elec- 
tro-optical device. Thus, there has been desired a cur- 
rent generation circuit whose range of output current 
values (programming current values) is easy to set ac- 
cording to the actual structure of the pixel circuit. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, a first object of the present inven- 
tion is to provide a technology with which the range of 
the programming current values can be set easily. A 
second object fs to provide a current generation circuit 



with superior durability and productivity whose circuit 
structure is simple, and a driving method therefor, as 
well as electro-optical devices, semiconductor integrat- 
ed circuit devices, and electronic devices using that cur- 
5 rent generation circuit. 

[0006] In order to attain at least part of the above and 
other related objects of the present invention, there is 
provided an electro-optical device comprising: a pixel 
matrix in which pixels each including a luminescent el- 

10 ement are arrayed in the form a matrix; a plurality of scan 
lines each connected to a pixel group arrayed in a row 
direction of the pixel matrix; a plurality of data lines each 
connected to a pixel group arrayed in a column direction 
of the pixel matrix; a scan line drive circuit, connected 

15 to the plurality of scan lines, for selecting one row in the 
pixel matrix; and a data line drive circuit for generating 
a data signal having a current value corresponding to a 
level of light to be emitted by the luminescent element, 
and outputting the data signal to at least one of the piu- 

20 rality of data lines. The data line drive circuit comprises; 
a current-addition type current generation circuit having 
a structure where N series connections of a first drive 
transistor for generating a prescribed current and a first 
switching transistor whose on/off switching is controlled 

25 in response to a control signal supplied by an external 
circuit are connected mutually in parallel, where N is an 
integer of 2 or greater; and a control-electrode signal 
generation circuit for generating a control-electrode sig- 
nal having a prescribed signal level and supplying the 

30 control-electrode signal commonly to control electrodes 
of N number of first drive transistors. 
[0007] The present invention is also directed to a cur- 
rent generation circuit comprising: constant current gen- 
eration means; a signal input line; an output terminal; 

35 and current output means for outputting to the output 
terminal an output current generated based on a refer- 
ence current supplied from the constant current gener- 
ation means and on a signal supplied to the signal input 
line. 

40 [0008] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments with the accompanying 
drawings. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

so Fig. 1 is a block diagram showing the circuit struc- 
ture of the photoelectric device 100 as one embod- 
iment of the present invention. 

Fig. 2 is a block diagram showing the internal struc- 
55 ture of the display panel section 101 and the data 

line drive circuit 102. 

Fig. 3 is a schematic diagram showing the internal 
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structure of the pixel circuit 200. 

Figs. 4 (a) -4 (d) are timing charts showing the op- 
eration of the pixel circuit 200. 

Fig. 5 is a schematic diagram showing the internal 
structure of the single line driver 300 and the gate 
voltage generation circuit 400. 

Figs. 6 (a) and 6 (b) are explanatory diagrams 
showing an example of the relationships between 
the output current l out from the data line drive circuit 
102 and light emission level values. 

Fig. 7 is a graph showing one example of the rela- 
tionship between the output current l out and the light 
emission level. 

Fig. 8 is a block diagram showing the internal struc- 
ture of the display panel section 101a and the data 
line drive circuit 102a in the second embodiment. 

Fig. 9 is a perspective view showing the structure 
of a personal computer as one example of an elec- 
tronic device to which the display device according 
to the present invention was applied. 

Fig. 10 is a perspective view showing the structure 
of a portable telephone as one example of an elec- 
tronic device to which the display device of the 
present invention was applied. 

Fig. 11 is a perspective view showing the structure 
of the back side of a digital still camera as one ex- 
ample of an electronic device to which the display 
device of the present invention was applied. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0010] Embodiments of the present invention will be 
described below in the following sequence: 

A. The overall structure of the device; 

B. First embodiment; 

C. Second embodiment; 

D. Embodiments applied to electronic devices; and 

E. Modified embodiments 

A. The overall structure of the device: 

[0011] Fig. 1 is a block diagram showing a circuit 
structure of an electro-optical device 100 as one embod- 
iment of the present invention. The electro-optical de- 
vice 100 is equipped with a display panel section 101 
(referred to as a "pixel section") where the luminescent 
elements are disposed in the form of a matrix, a data 
line drive circuit 102 for driving the data lines in the dis- 
play panel section 101 , a scan line drive circuit 103 (also 



referred to as a "gate driver") for driving the scan lines 
(also referred to as "gate lines") in the display panel sec- 
tion 1 01 , a memory 104 for storing display data provided 
by the computer 110, an oscillation circuit 106 for pro- 
5 viding reference operation signals to other constituent 
elements, a power source circuit 107, and a control cir- 
cuit 105 for controlling each constituent element in the 
electro-optical device 100. 

[0012] The constituent elements 101 to 107 in the 

io electro-optical device 100 may be constructed of inde- 
pendent parts thereof (for example, a semiconductor in- 
tegrated circuit device of one chip), or a part or the en- 
tirety of the constituent elements 101 to 107 may be con- 
structed as one piece. For example, the data line drive 

is circuit 102 and the scan line drive circuit 103 may be 
constructed as one piece on the display panel section 
101. Also, part of or the entirety of the constituent ele- 
ments 102 to 106 may be constructed with a program- 
mable IC chip whose function is implemented as soft- 

20 ware by a program written to the IC chip. 

[0013] Fig. 2 shows the internal structure of the dis- 
play panel section 101 and the data line drive circuit 102. 
The display panel section 1 01 is provided with a plurality 
of pixel circuits 200 arrayed in the form of a matrix, and 

25 each pixel circuit 200 includes an organic electrolumi- 
nescent device 220. A plurality of data lines X m (where 
m is from 1 to M) extending in the horizontal direction 
and a plurality of scan lines Y n (where n is from 1 to N) 
extending in the vertical direction are each connected 

30 to the matrix of the pixel circuits 200. The data lines are 
also referred to as "source lines" and the scan lines are 
also referred to as "gate lines". In the present specifica- 
tion, the pixel circuits 200 are also referred to as "unit 
circuits" and "pixels". The transistors in the pixel circuits 

35 2 00 are ordinarily constructed with a TFT 

[0014] The scan line drive circuit 103 selectively 
drives one of the plurality of scan lines Y n , thereby se- 
lecting a group of pixel circuits in one row. The data line 
drive circuit 102 is provided with a plurality of single line 

40 drivers 300 for driving the data lines X m respectively as 
well as with a gate voltage generation circuit 400. The 
gate voltage generation circuit 400 supplies the single 
line drivers 300 with a gate control signal having a pre- 
scribed voltage value. The internal structures of the gate 

45 voltage generation circuit 400 and the single line drivers 
300 will be described later. 

[001 5] The single line drivers 300 provide data signals 
to the pixel circuits 200 through the data lines X m . When 
the internal states (described below) of the pixel circuits 

50 200 are set according to the data signals, the value of 
the current flowing at the organic electroluminescent de- 
vices 220 is accordingly controlled, resulting in the con- 
trol of the luminescent stage of the organic electrolumi- 
nescent device 220. 

55 [0016] A control circuit 105 (Fig. 1) converts display 
data (pixel data) for representing the display state of the 
display panel section 1 01 to matrix data for representing 
the light emission level of each organic electrolumines- 
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cent device 220. The matrix data contains scan line 
drive signals for successively selecting a group of pixel 
circuits in one row and data line drive signals for indi- 
cating the level of the data line signal provided to the 
organic electroluminescent devices 220 in the selected 
group of pixel circuits. The scan line drive signal and 
data line drive signal are supplied to the scan line drive 
circuit 103 and the data line drive circuit 102, respec- 
tively. The control circuit 105 also controls the timing 
used for driving the scan lines and data lines. 
[0017] Fig. 3 is a schematic diagram showing the in- 
ternal structure of the pixel circuit 200. The pixel circuits 
200 are disposed at the intersection of the m-th data line 
X m and the n-th scan line Y n . The scan lines Y n contain 
two sub-scan lines V1 and V2. 

[0018] The pixel circuit 200 is a current programming 
circuit for regulating the light emission level of the or- 
ganic electroluminescent device 220 in response to the 
value of the current flowing in the data line X m . In greater 
detail, the pixel circuit 200 has four transistors 211 to 
214 and a storage capacitor 230 (referred to also as a 
"storage condenser" and a "memory capacitor") in ad- 
dition to an organic electroluminescent device 220. The 
storage capacitor 230 holds an electrical charge in re- 
sponse to the data signal supplied through the data line 
X m , and thereby regulates the light emission level of the 
organic electroluminescent device 220. In other words, 
the storage capacitor 230 holds a voltage in response 
to the current flowing in the data lineX m . The first to third 
transistors 211 to 213 are n-channel FETs; the fourth 
transistor 214 is a p-channel FET. The organic electro- 
luminescent device 220 is a current injection (current 
driven) type luminescent element similar to a photodi- 
ode, and is represented here with a diode symbol. 
[0019] The source of the first transistor 211 is con- 
nected to the drain of the second transistor 212, the 
drain of the third transistor 21 3 and the drain of the fourth 
transistor 214. The drain of the first transistor 211 is con- 
nected to the gate of the fourth transistor 214. The stor- 
age capacitor 230 is connected between the gate and 
the source of the fourth transistor 214. Also, the source 
of the fourth transistor 214 is connected to a power sup- 
ply voltage Vdd. 

[0020] The source of the second transistor 212 is con- 
nected to a single line driver 300 (Fig. 2) through a data 
line X m . The organic electroluminescent device 220 is 
connected between the source of the third transistor 21 3 
and the ground voltage. 

[0021] The gates of the first and second transistors 
211 and 212 are commonly connected to the first sub- 
scan line V1. Also, the gate of the third transistor 213 is 
connected to the second sub-scan line V2. 
[0022] The first and second transistors 211 and 212 
are switching transistors used when accumulating a 
charge in the storage capacitor 230. The third transistor 
213 is a switching transistor held in an ON state during 
the luminescent interval of the organic electrolumines- 
cent device 220. The fourth transistor 214 is a drive tran- 



sistor for controlling the value of the current flowing in 
the organic electroluminescent device 220. The value 
of the current in the fourth transistor 214 is controlled by 
the amount of charge (amount of accumulated charge) 

s held in the storage capacitor 230. 

[0023] Figs. 4 (a) -4(d) are timing charts indicating the 
operation of the pixel circuit 200. In the figure, the value 
of the voltage in the first sub-scan line V1 (hereinafter, 
referred to as the "first gate signal V1 "), the value of the 

10 voltage in the second sub-scan line V2 (hereinafter, re- 
ferred to as the "second gate signal V2"), the value of 
the current I out in the data line X m (hereinafter, referred 
to as the "data signal l out "), and the value of the current 
IEL flowing in the organic electroluminescent device 220 

*5 are shown. 

[0024] The driving period To is separated into a pro- 
gramming period T pr and a light emission period T e! . The 
"driving period Tc" means the period during which the 
light emission levels of all the organic electrolumines- 

20 cent devices 220 in the display panel section 101 are 
updated one at a time and is equivalent to a so-called 
frame cycle. Updating of the light emission levels is car- 
ried out by groups of pixel circuits in a row wherein the 
light emission levels of N column pixel circuit group are 

25 successively updated during a driving period Tc. For ex- 
ample, when light emission levels of all the pixel circuits 
are being updated at 30 Hz, the driving period Tc is ap- 
proximately 33 ms. 

[0025] During the programming period T pp the light 
30 emission level of the organic electroluminescent devic- 
es 220 is set in the pixel circuit 200. In the present spec- 
ification, the setting of light emission level to a pixel cir- 
cuit 200 is referred to as "programming". For example, 
when the driving period Tc is approximately 33 ms, and 
35 the total number N of the scan lines Y n is 480, the pro- 
gramming period T pr is approximately 69 \is (33 ms/480) 
or less. 

[0026] In the programming period T pr , first, the sec- 
ond gate signal V2 is set to the L level, and the third 

to transistor 213 is kept in an OFF state. Next, the first gate 
signal V1 is set to the H level and the first and second 
transistors 211 and 212 are switched to an ON state 
while the value of the current l m flows on the data line 
X m corresponding to the light emission level At this time, 

45 the single line drive 300 (Fig. 2) of the data line X m func- 
tions as a constant current source in which the value of 
the current l m flows constant corresponding to the light 
emission level. As indicated in Fig. 4 (c), the value of 
the current l m is set according to the light emission level 

50 of the organic electroluminescent device 220 within a 
prescribed current range Rl. 

[0027] An electric charge corresponding to the value 
of the current l m flowing through the fourth transistor214 
(drive transistor) is held in the storage capacitor 230. 
55 The voltage stored in the storage capacitor 230 is there- 
fore applied between the source and gate of the fourth 
transistor 214. In the present specification, the value of 
the current l m of the data signal used in programming is 
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referred to as the "programming current l m ". 
[0028] When the programming is complete, the scan 
line drive circuit 103 sets the first gate signal V1 to the 
L level to turn the first and second transistors 211 and 
2 1 2 to an OFF state . The data line drive circuit 1 02 stops 
the data signal l ou{ . 

[0029] During the light emission period T e! , the sec- 
ond gate signal V2 is set to the H level and the third 
transistor 213 is switched to an ON state while the first 
gate signal V1 is maintained at the L level with the first 
and second transistors 211 and 212 held in an OFF 
state. A voltage corresponding to the programming cur- 
rent l m is stored in the storage capacitor 230 before- 
hand, so a current that is about the same as the pro- 
gramming current l m flows in the fourth transistor 214. 
Thus, a current nearly equal to the programming current 
l m also flows in the organic electroluminescent device 
220 which emits light at a level corresponding to the val- 
ue of the current l m . The type of pixel circuit 200 where 
the voltage in the storage capacitor 230 is written in this 
manner by the value of the current l m is referred to as a 
"current programmable circuit". 

B. First embodiment 

[0030] Fig. 5 is a schematic diagram showing the in- 
ternal structure of the single line driver 300 and the gate 
voltage generation circuit 400. The single line driver 300 
is provided with an 8-bit D/A converter section 310 and 
an offset current generation circuit 320. 
[0031] The D/A converter section 310 has eight cur- 
rent lines IU1 to IU8 connected in parallel. The first cur- 
rent line IU1 has a switching transistor 81, a resistance 
transistor 41 functioning as a type of resistor element, 
and a drive transistor 21 functioning as a constant cur- 
rent source in which a prescribed current flows, all con- 
nected in series between a data line 302 and a ground 
potential. The other current lines IU2 to IU8 have similar 
structures. The three types of transistors 81 to 88, 41 to 
48 and 21 to 28 are ail n-channel FETs in the example 
in Fig. 5. The gates of the eight drive transistors 21 to 
28 are connected commonly to a first common gate line 
303. Also, the gates of the eight resistance transistors 
41 to 48 are connected commonly to a second common 
gate line 304. Each bit of the 8-bit data DATA provided 
by the control circuit 105 (Fig. 1) through a signal input 
line 301 is inputted to the gates of the eight switching 
transistors 81 to 88 respectively. 

[0032] The ratio K of the gain coefficient p for the eight 
drive transistors 21 to 28 is set to 1:2:4:8:16:32:64:128. 
In other words, the relative value K of the gain coefficient 
P for the nth (where n is 1 to N) drive transistor is set to 
2 n " 1 . The gain coefficient p is defined as p = K|3 Q = (jmC 0 
W/L) as is well known. K represents the relative value, 
P D a prescribed constant, it the carrier mobility, C 0 the 
gate capacity, W the channel width, and L the channel 
length. The drive transistor number N is an integer of 2 
or greater. The drive transistor number N is unrelated to 



the scan line Y n number. 

[0033] The eight drive transistors 21 to 28 function as 
constant current sources. The current drive capability of 
the transistors is proportional to the gain coefficient p, 

5 so the ratio of the current drive capability of the eight 
drive transistors 21 to 28 is 1 :2:4:8:1 6:32:64:128. In oth- 
er words, the relative value K of the gain coefficient for 
the drive transistors 21 to 28 is set to a value corre- 
sponding to the weight of each bit of the multi-level data 

10 DATA. 

[0034] The current drive capability of the resistance 
transistors 41 to 48 is ordinarily set to a value at or above 
the current drive capability of the corresponding drive 
transistors 21 to 28. Thus, the current drive capability of 
?5 the current lines IU1 to IU8 is determined by the drive 
transistors 21 to 28. The resistance transistors 41 to 48 
acts as a noise filter for eliminating noise from the cur- 
rent value. 

[0035] The offset current generation circuit 320 has a 

20 structure where a resistance transistor 52 and a drive 
transistor 32 are connected in series between the data 
line 302 and the ground potential. The gate of the drive 
transistor 32 is connected to the first common gate line 
303, and the gate of the resistance transistor 52 is con- 

25 nected to the second common gate line 304. The rela- 
tive value of the gain coefficient p for the drive transistor 
32 is K b . The offset current generation circuit 320 is not 
provided with a switching transistor between the drive 
transistor 32 and the data line 302, and in this way differs 

30 from the current lines in the D/A converter section 310. 
[0036] The current line l offset of the offset current gen- 
eration circuit 320 is connected in parallel to the eight 
current lines IU1 to IU8 of the D/A converter section 310. 
Thus, the total current flowing in the nine current lines 

35 Offset and lu1 t0 lu 8 is outputted to the data line 302 as 
a programming current. More specifically, the single line 
driver 310 is a current-adding type current generation 
circuit. The reference symbols l offse{ and IU1 to IU8 are 
hereinafter used to represent both the current lines and 
the currents flowing therein. 

[0037] The gate voltage generation circuit 400 con- 
tains a current mirror circuit section comprising two tran- 
sistors 71 and 72. The gates of the two transistors 71 
and 72 are connected to each other as well as to the 

45 drain of the first transistor 71 . One terminal (the source) 
of each of the transistors 71 and 72 is connected to a 
power supply voltage VDREF for the gate voltage gen- 
eration circuit 400. A drive transistor 73 is connected in 
series on a first wire 401 between the other terminal (the 

50 drain) of the first transistor 71 and the ground potential. 
A control signal VRIN having a prescribed voltage level 
is inputted from the control circuit 105 to the gate of the 
drive transistor 73. A resistance transistor 51 and a con- 
stant voltage generation transistor 31 (also referred to 

55 as a "control electrode signal generation transistor") are 
connected in series on a second wire 402 between the 
otherterminal (the drain) of the second transistor 72 and 
the ground potential. The relative value of the gain co- 
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efficient p for the constant voltage generation transistor 
31 is K a . 

[0038] The gate and the drain of the constant voltage 
generation transistor 31 are connected to each other as 
well as to the first common gate line 303 of the single 
line driver 300. Also, the gate and drain of the resistance 
transistor 51 are connected to each other as well as to 
the second common gate line 304 of the single line driv- 
er 300. 

[0039] In the example in Fig. 5, the two transistors 71 
and 72 constituting the current mirror circuit are com- 
posed of p-channel FETs, and the other transistors are 
composed of n-channel FETs. 

[0040] When a control signal VRIN with a prescribed 
voltage level is inputted to the gate of the drive transistor 
73 of the gate voltage generation circuit 400, a constant 
reference current l COflst is generated in response to the 
voltage level of the control signal VRIN on the first wire 

401. The two transistors 71 and 72 constitute a current 
mirror circuit, so the same reference current l const flows 
on the second wire 402 as well. There is no need, how- 
ever, for the currents flowing on the two wires 401 and 
402 to be identical, and in general, the first and second 
transistors 71 and 72 may be constructed so that the 
current on the second wire 402 is proportional to the ref- 
erence current l const on the first wire 401 . 

[0041] The current l const causes prescribed gate volt- 
ages V g1 and V g2 between the gate and drain of the two 
transistors 31 and 51 respectively on the second wire 

402. The first gate voltage V g1 is applied commonly to 
the gates of the nine drive transistors 32, 21-28 in the 
single line driver 300 through the first common gate line 
303. Also, the second gate voltage V g2 is applied com- 
monly to the gates of the nine resistance transistors 52, 
41-48 through the second common gate line 304. 
[0042] The current drive capabilities of the current 
lines i of f Sei , IU1-IU8 are determined by the gain coeffi- 
cients p of the respective drive transistors 32, 2 1 -28 and 
the applied gate voltage. Thus, a current flowing whose 
value is proportional to the relative value K of the gain 
coefficient p of each drive transistor can be obtained in 
response to the gate voltage V g1 at each respective cur- 
rent line l offset , IU1-IU8 of the single line driver 300. 
When an 8-bit data DATA is provided by the control cir- 
cuit 105 through the signal input line 301, the on/off 
switching of the eight switching transistors 81 to 88 is 
controlled in response to the value of each bit of the mul- 
ti-bit data DATA. As a result, a programming current l m 
having a current value corresponding to the value of the 
multi-bit data DATA is outputted to the data line 302. 
[0043] It should be noted thatthe single line driver 300 
includes the offset current generation circuit 320, so the 
value of the multi-bit data DATA and the programming 
current l m have an offset and their graphical relationship 
is not a proportional one passing through the origin. Pro- 
viding this offset has the advantage that the degree of 
freedom in setting the range of the programming current 
values is increased, so the programming current values 



can be easily set to have a favorable range. 
[0044] Figs. 6 (a) and 6 (b) show Examples 1 to 5 with 
the relationship of the output current l out of the data line 
drive circuit 102 with the level of the multi-bit data DATA. 
5 The table of Fig. 6 (a) shows the reference Example 1 
as well as Examples 2 to 5 in which the below four pa- 
rameters have been changed respectively. 

(1) VRIN: The voltage value of the gate signal for 
10 the drive transistor 73 in the gate voltage generation 

circuit 400. 

(2) VDREF: The source voltage of the current mirror 
circuit in the gate voltage generation circuit 400. 

(3) K a : The relative value of the gain coefficient p 
*5 for the constant voltage generation transistor 31 in 

the gate voltage generation circuit 400. 

(4) K b : The relative value of the gain coefficient p of 
the drive transistor 32 in the offset current genera- 
tion circuit 320. 

20 

[0045] Fig. 6 (b) shows the relationships in Fig. 6 (a) 
in a graph. In Example 1 , which is used as the "refer- 
ence," each parameter is set to a prescribed reference 
value, in Example 2, only the voltage VRIN of the drive 
25 transistor 73 was set to a higher value than that of the 
reference Example 1 . In Example 3, only the source volt- 
age VDREF of the current mirror circuit is set to a higher 
value than that of the standard Example 2. In Example 
4, only the relative value K a of the gain coefficient p for 
30 the constant voltage generation transistor 31 is set to a 
higher value than that of the reference Example 1. In 
Example 5, only the relative value K b of the gain coeffi- 
cient p for the drive transistor 32 is set to a higher value 
than that of the reference Example 1 . 
35 [0046] As shown in the table and the graph, the value 
of the output current l out varies according to each of the 
VRIN, VDREF, K a and K b parameters. Thus, the range 
of the current values used for controlling the light emis- 
sion level can be changed by changing at least one of 
40 these parameters. The values of the VRIN, VDREF, K a 
and K b parameters are set by adjusting the design val- 
ues of the circuit parts related respectively thereto. !n 
the circuit structure shown in Fig. 5, ail of the four pa- 
rameters VRIN, VDREF, K a and K b affect the range of 
45 the output current l out , so the degree of freedom when 
setting the range of the output current l out is high, giving 
the advantage that it can be easily set to an arbitrary 
range. 

[0047] It should be noted here that the output current 
50 'out is proportional to the reference current l const in the 
gate voltage generation circuit 400. Thus, the reference 
current l const is determined in response to the range of 
the current values required by the output current l out (in 
other words, the programming current l m ). At that time, 
55 there is the possibility that if the reference current l const 
value is set close to one of the ends of the range of the 
current values required as output current l out , a small 
variance or error in the reference current l const may 
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cause a large variance or error in the output current I out 
due to the performance of the circuit parts. Thus, in order 
to decrease the error in the output current l outs it is fa- 
vorable to set the value of the reference current 
close to the midpoint between the minimum and maxi- 5 
mum values of the current value range of the output cur- 
rent l out . Here, "close to the midpoint between the min- 
imum and maximum values" is meant to be a range of 
about -10% to about +10% of the average or center val- 
ue of the minimum and maximum values. to 
[0048] Fig. 7 is a graph showing an example relation- 
ship between the output current l out and the light emis- 
sion level. In this example, the 256 levels from 0 to 255 
is expressed by an output current l out with a range from 
0 to 5000 nA. In this case, t is favorable to set the value 1$ 
of the reference current l const to around 2500 nA, which 
is the midpoint therefor. 

[0049] The relative value K n of the gain coefficient p 
for the constant voltage generation transistor 31 may be 
set to a value equivalent to the centra! value (1 28) of the 20 
light emission level range in order to set the value of the 
reference current l const to the equivalent value of the out- 
put current l out corresponding to the central value (128) 
of the light emission level range in the circuit in Fig. 5. 
[0050] As explained above, the data line drive circuit 25 
102 in the first embodiment has the advantage that the 
design value of one or more parameters may be arbi- 
trarily changed to arbitrarily regulate the range of the 
output current l out and the programming current l m . 
There is another advantage that the circuit 102 has ex- 30 
cellent durability and productivity because its structure 
is extremely simple. 

C. Second Embodiment: 

35 

[0051] Fig. 8 shows the internal construction of a dis- 
play panel section 101a and a data line drive circuit 102a 
in the second embodiment. In this display device, one 
single line driver 300 and a shift register 500 are provid- 
ed in place of the plurality of single line drivers 300 in 40 
the structure in Fig. 2. A switching transistor 520 is pro- 
vided on each data line of the display panel section 
101a. One terminal of each switching transistor 520 is 
connected to the data lines X m , and the other terminal 
is commonly connected to an output signal line 302 of 45 
the single line driver 300. A shift register 500 supplies 
an on/off control signal to the switching transistor 520 of 
each data line X m whereby the data lines X m are suc- 
cessively selected. 

[0052] In this display device, pixel circuits 200 are so 
successively updated in point succession. More specif- 
ically, only one pixel circuit 200 at the intersection of a 
gate line Y n selected by a scan line drive circuit 1 03 and 
a data line X m selected by the shift register 500 is up- 
dated with a single programming operatirin. For exam- 55 
pie, programming is successively carried out on M 
number of the pixel circuits 200 one at a time selected 
by the nth gate line Y n , after which the M number of pixel 



circuits 200 on the next (n+1) th gate line are pro- 
grammed one at a time. In contrast to this, the display 
device indicated in Fig. 8 and its operation differ from 
that of the first embodiment described above where a 
group of pixel circuits in one row are programmed at the 
same time {i.e., in line succession). 
[0053] When programming is performed by the pixel 
circuits 200 in point succession as in the display device 
in Fig. 8, the same single line driver 300 and gate voltage 
generation circuit 400 are used as in the first embodi- 
ment described above in order to generate an output 
current l out and programming current l m having a de- 
sired current range, 

D. Embodiments applied to electronic devices: 

[0054] A display device using an organic electrolumi- 
nescent device may be applied to a variety of electronic 
devices such as mobile personal computers, cellular 
phones and digital still cameras. 

[0055] Fig. 9 is a perspective view of a mobile person- 
al computer. A personal computer 1000 is equipped with 
a main body 1040 having a keyboard 1020, and a dis- 
play unit 1060 using organic electroluminescent devic- 
es. 

[0056] Fig. 10 is a perspective view of a cellular 
phone. A cellular phone 2000 is equipped with a plurality 
of operation keys 2020, an ear piece 2040, a mouth- 
piece 2060, and a display panel 2080 using organic 
electroluminescent devices. 

[0057] Fig. 11 is a perspective view of a digital still 
camera 3000. Connections to external devices are indi- 
cated in a simplified fashion. While a conventional cam- 
era exposes film to the optical image of the object, the 
digital still camera 3000 generates an image signal 
through a photoelectric transfer by an image element 
such as a CCD (charge coupled device) of the optica! 
image of the object. A display panel 3040 using organic 
electroluminescent devices is provided at the back of a 
case 3020 of the digital still camera 3000, and display 
is made based on image signals from the CCD. The dis- 
play panel 3040 thus functions as a viewfinder to display 
the object. Also, a photo receiving unit 3060 including 
an optical lens and a CCD is provided on the observation 
side of the case 3020 (the back side in the figure) . 
[0058] When the photographer verifies the object dis- 
played in the display panel 3040 and presses a shutter 
button 3080, the image signal of the CCD at that time is 
forwarded and stored in memory in a circuit board 3100. 
This digital still camera 3000 is provided with a video 
signal output terminal 3120 and a data communication 
I/O terminal 3140 at the side of the case 3020. As indi- 
cated in the figure, a television monitor 4300 may be 
connected to this video signal output terminal 3120 and 
a personal computer 4400 may be connected to the I/O 
terminal 3140 for data transmission according to need. 
Further, a prescribed operation may be used to output 
image signals stored in memory in the circuit board 31 00 
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to the television monitor 4300 or the personal computer 
4400. 

[0059] Examples of electronic devices other than the 
personal computer in Fig. 9, the portable telephone in 
Fig. 10, and the digital still camera 3000 in Fig. 11 in- 5 
eludes television monitor, a view finder or monitoring di- 
rect view type video tape recorder, a car navigation de- 
vice, a pager, an electronic notebook, a calculator, a 
word processor, a work station, a video telephone, a 
POS terminal, and devices with a touch panel. The dis- 10 
play device described above using organic electrolumi- 
nescent devices may be applied to the display section 
of such electronic devices. 

E. Modified embodiments: 15 

[0060] 

Modification E1: 

In the embodiment shown in Fig. 5, the resist- 20 
ance transistors 52, 41-48 are connected to the 
drive transistors 32, 21-28, but it is possible to re- 
place the resistance transistors 52, 41-48 with other 
resistance elements or resistance adding means as 
well. Also, such resistance elements need not be 25 
necessarily be connected to all the drive transistors 
31, 21-28, but may be provided according to need. 

Modification E2: 

Part of the circuit structure in Fig. 5 may be 30 
omitted. For example, the offset current generation 
circuit 320 may be omitted. If, however, the offset 
current generation circuit 320 is to be provided, the 
degree of freedom in setting the range of the pro- 
gramming current values increases, giving the ad- 35 
vantage that setting a favorable range of program- 
ming current values is easy to do. 

Modification E3: 

In the embodiments described above, a part or 40 
all of the transistors may be replaced with bipolar 
transistors, thin film diodes or other types of switch- 
ing elements. The gate electrodes of FETs and the 
base electrodes of bipolar transistors correspond to 
the "control electrodes" in the present invention. 45 

Modification E4: 

In the embodiments described above, the dis- 
play panel section 101 has one pixel circuit matrix 
set, but it may have a plurality of sets of pixel circuit 50 
matrices as well. For example, when constructing a 
large panel, the display panel section 101 may be 
separated into a plurality of regions, and one pixel 
circuit matrix set may be provided for each region. 
Also, three pixel circuit matrix sets corresponding 55 
to the three RGB colors may be provided in one dis- 
play panel section 101. When there is a plurality of 
pixel circuit matrices the embodiments described 



above may be applied for each matrix. 

Modification E5: 

The pixel circuit used in the embodiments de- 
scribed above is separated into a programming pe- 
riod T pr and a light emission period T el , but it is also 
possible to use a pixel circuit where the program- 
ming period T pr is present within a portion of the light 
emission period T 6) . For such a pixel circuit, the pro- 
gramming is carried out and the light emission level 
is set in the initial stage of the light emission period 
T eh after which the light emission continues with the 
set level. The data line drive circuits described 
above may be applied to a device using such a pixel 
circuit as well. 

Modification E6: 

In the embodiments described above, example 
display devices using organic electroluminescent 
devices are described, but the invention may be ap- 
plied to display devices and electronic devices us- 
ing electroluminescent devices other than organic 
electroluminescent devices as well. For example, it 
is possible to apply electroluminescent devices 
where the light emission level can be adjusted in 
response to the drive current (such as LEDs and 
FEDs (field emission displays)) as well as other 
types of electroluminescent devices. 

Modification E7: 

The present invention is not limited to circuits 
and devices which include pixel circuits and which 
are driven using an active driving method and, and 
the present invention is also applicable to circuits 
and devices which do not include pixel circuits and 
which are driven with a passive driving method. 

[0061] Although the present invention has been de- 
scribed and illustrated in detail, it is clearly understood 
that the same is by way of illustration and example only 
and is not to be taken by way of limitation, the spirit and 
scope of the present invention being limited only by the 
terms of the appended claims. 



Claims 

1. An electro-optical device comprising: 

a pixel matrix in which pixels each including a 
luminescent element are arrayed in the form a 
matrix; 

a plurality of scan lines each connected to a pix- 
el group arrayed in a row direction of the pixel 
matrix; 

a plurality of data lines each connected to a pix- 
el group arrayed in a column direction of the 
pixel matrix; 
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a scan (ine drive circuit, connected to the plu- 
rality of scan lines, for selecting one row in the 
pixel matrix; and 

a data line drive circuit forgenerating a data sig- 
nal having a current value corresponding to a 5 
level of light to be emitted by the luminescent 
element, and outputting the data signal to at 
least one of the plurality of data lines; 

wherein the data line drive circuit com- 
prises: 10 

a current-addition type current generation 
circuit having a structure where N series 
connections of a first drive transistor for 
generating a prescribed current and a first 15 
switching transistor whose on/off switching 
is controlled in response to a control signal 
supplied by an external circuit are connect- 
ed mutually in parallel, where N is an inte- 
ger of 2 or greater; and 20 
a control-electrode signal generation cir- 
cuit for generating a control-electrode sig- 
nal having a prescribed signal level and 
supplying the control-electrode signal 
commonly to control electrodes of N 25 
number of first drive transistors. 

2. An electro-optical device of Claim 1, wherein the 
control-electrode signal generation circuit includes: 

30 

a control-electrode signal generation transistor 
having a first control electrode for generating 
the control-electrode signal at the first control 
electrode; and 

a constant current circuit for generating a con- 35 
stant current flowing in the control-electrode 
signal generation transistor, 

and wherein the first control electrode of 
the control-electrode signal generation transis- 
tor and the control electrodes of the N number 40 
of first drive transistors of the current genera- 
tion circuit are mutually connected. 

3. An electro-optical device according to Claim 2, 
wherein the constant current circuit includes: 45 

a current mirror circuit, having two transistors 
connected respectively to a first and a second 
wire, for generating a current on the second 
wire proportional to a current on the first wire; 50 
and 

a second drive transistor, connected to the first 
wire, for generating a prescribed current on the 
first wire in response to a control signal provid- 
ed by an external circuit, 55 

and wherein the control-electrode signal 
generation transistor is connected to the sec- 
ond wire. 
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4. An electro-optical device according to Claim 2 or 3, 
wherein the current generation circuit further in- 
cludes: 

a third drive transistor, coupled in parallel with 
the N series connections of the first drive tran- 
sistor and the first switching transistor, for gen- 
erating an offset current, 
and wherein a control electrode of the third 
drive transistor is connected to the first control 
electrode of the control-electrode signal gener- 
ation transistor without a switching transistor 
being provided between the third drive transis- 
tor and the data line. 

5. An electro-optical device according to any of Claims 
1 to 4, 

wherein each series connection between the first 
drive transistor and the first switching transistor in- 
cludes a resistor element. 

6. An electro-optical device according to Claim 5, 
wherein the resistor element is a transistor. 

7. An electro-optical device according to any of Claims 
1 to 6, 

wherein the N number of first drive transistors are 
constructed such that a relative values of a gain co- 
efficient for a nth transistor in the N number of first 
drive transistors is 2 n_1 , where n is an integer be- 
tween 1 and N. 

8. An electro-optical device according to any of Claims 

1 to 7, 

wherein the pixel matrix is driven using an active 
matrix driving technique. 

9. An electro-optical device according to any of Claims 
1 to 7, 

wherein the pixel matrix is driven using a passive 
matrix driving technique. 

10. A data line drive circuit for generating a data signal 
having a current value corresponding to a light 
emission level of a luminescent element, and out- 
putting the data signal on a data line connected to 
an pixel including the luminescent element, the data 
line drive circuit comprising: 

a current-addition type current generation cir- 
cuit having a structure where N series connec- 
tions of a first drive transistor for generating a 
prescribed current and a first switching transis- 
tor whose on/off switching is controlled in re- 
sponse to a control signal supplied by an exter- 
nal circuit are connected mutually in parallel, 
where N is an integer of 2 or greater; and 
a control-electrode signal generation circuit for 
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generating a control-electrode signal having a 
prescribed signal level and supplying the con- 
trol-electrode signal commonly to control elec- 
trodes of N number of first drive transistors. 

11. A data line drive circuit according to Claim 10, 
wherein the control-electrode signal generation cir- 
cuit includes: 

a control-electrode signal generation transistor 
having a first control electrode for generating 
the control-electrode signal at the first control 
electrode; and 

a constant current circuit for generating a con- 
stant current flowing in the control-electrode 
signal generation transistor, 

and wherein the first control electrode of 
the control-electrode signal generation transis- 
tor and the control electrodes of the N number 
of first drive transistors of the current genera- 
tion circuit are mutually connected. 

12. A data line drive circuit according to Claim 10, 
wherein the constant current circuit includes: 

a current mirror circuit, having two transistors 
connected respectively to a first and a second 
wire, for generating a current on the second 
wire proportional to a current on the first wire; 
and 

a second drive transistor, connected to the first 
wire, for generating a prescribed current on the 
first wire in response to a control signal provid- 
ed by an external circuit, 

and wherein the control-electrode signal 
generation transistor is connected to the sec- 
ond wire. 

13. A data line drive circuit according to Claim 11 or12, 
wherein the current generation circuit further in- 
cludes: 

a third drive transistor, coupled in parallel with 
the N series connections of the first drive tran- 
sistor and the first switching transistor, for gen- 
erating an offset current, 
and wherein a control electrode of the third 
drive transistor is connected to the first control 
electrode of the control-electrode signal gener- 
ation transistor without a switching transistor 
being provided between the third drive transis- 
tor and the data line. 

14. A data line drive circuit according to any of Claims 
10 to 13, 

wherein each series connection between the first 
drive transistor and the first switching transistor in- 
cludes a resistor element. 



15. A data line drive circuit according to Claim 14, 
wherein the resistor element is a transistor. 

16. A data line drive circuit according to any of Claims 
5 10 to 15, 

wherein the N number of first drive transistors are 
constructed such that a relative values of a gain co- 
efficient for a nth transistor in the N number of first 
drive transistors is 2 n " 1 , where n is an integer be- 
w tween 1 and N. 

17. A data line drive circuit according to any of Claims 
10 to 16, 

wherein the pixel matrix is driven using an active 
is matrix driving technique. 

18. A data line drive circuit according to any of Claims 
10 to 16, 

wherein the pixel matrix is driven using a passive 
20 matrix driving technique. 

19. A current generation circuit comprising: 

constant current generation means; 
25 a signal input line; 

an output terminal; and 

current output means for outputting to the out- 
put terminal an output current generated based 
on a reference current supplied from the con- 
30 stant current generation means and on a signal 

supplied to the signal input line. 

20. A current generation circuit according to Claim 19, 
wherein the constant current generation means in- 

35 eludes a current mirror circuit. 

21. A current generation circuit according to Claim 19 
or Claim 20, 

wherein the constant current generation means in- 
40 eludes at least one reference voltage source. 

22. A current generation circuit according to any of 
Claims 19 to 21 

wherein the current output means includes a plural- 
45 ity of first transistors having different gain coeffi- 
cients. 

23. A current generation circuit according to Claim 22, 
wherein the current output means generates the 

50 output current by synthesizing current flowing in 
one or more transistors selected from the plurality 
of first transistors by the signal to the signal input 
line. 

55 24. A current generation circuit according to Claim 22 
or 23, 

wherein the constant current generation means in- 
cludes a second transistor connected to a gate elec- 
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trode of the first transistor. 

25. A current generation circuit according to Claim 24, 
wherein the second transistor has a function of con- 
verting the reference current to a gate voltage at the 
plurality of first transistors. 

26. A current generation circuit according to any of 
Claims 22 to 25, further comprising first resistance 
adding means, disposed between the output termi- 
nal and the plurality of first transistors, with respect 
to at least one of the plurality of first transistors. 

27. A current generation circuit according to Claim 26, 
wherein the first resistance adding means is a third 
transistor. 

28. A current generation circuit according to Claim 27, 
wherein the constant current generation means in- 
cludes a fourth transistor connected to a gate elec- 
trode of the third transistor. 

29. A current generation circuit according to any of 
Claims 19 to 28, 

wherein the current output means includes an offset 
current path for regulating a minimum value of the 
output current. 

30. A current generation circuit according to Claim 24, 
wherein the current output means includes an offset 
current path for regulating a minimum value of the 
output current, and 

the offset current path has a fifth transistor 
whose gate electrode is connected to the second 
transistor. 

31. A current generation circuit according to Claim 30, 
further comprising second resistance adding 
means disposed between the output terminal and 
the fifth transistor. 

32. A current generation circuit according to Claim 31, 
wherein the second resistance adding means is a 
sixth transistor. 



a plurality of scan lines; 
a plurality of data lines; 

an electro-optical device disposed at each in- 
tersection of the scan lines and the data lines; 
5 a scan line drive circuit for driving the scan 

lines; and 

a data line drive circuit for driving the data lines, 
the data line drive circuit including any one of 
the current generation circuits according to any 
10 one of Claims 1 9 to 32, and means for inputting 

an output current from the current generation 
circuit to the data line. 

36. An electro-optical device according to Claim 35, 
*5 wherein the electro-optical element is a current- 
driven type device. 

37. An electro-optical device according to Claim 36, 
wherein the current-driven type device is an organic 

20 electroluminescence device. 

38. An electro-optical device according to any of Claims 
35 to 37, further comprising: 

25 a memory for storing data to be supplied to the 

electro-optical device; and 
a control circuit for supplying the data read from 
the memory to the data line drive circuit and the 
scan line drive circuit as the signal; thereby 
30 controlling the scan line drive circuit and the da- 

ta line drive circuit 

39. An electro-optical device according to any of Claims 
35 to 38, further comprising an oscillation circuit for 

35 supplying a reference operation signal to a specific 
circuit constituting a driving system of the electro- 
optical device. 

40. A semiconductor integrated circuit device compris- 
es ing the current generation circuit according to any 

one of Claims 19 to 32. 

41. An electronic device comprising the electro-optical 
device according to any one of Claims 35 to 38. 

45 



25 



30 



33. A drive method of the current generation circuit ac- 
cording to any of Claims 19 to 32, wherein the ref- 
erence current is set to a value close to a center 
value of minimum and maximum values of the out- 
put current. 50 



34. A drive method of the current generation circuit ac- 
cording to any of Claims 30 to 32, wherein the out- 
put current is adjusted by variation of a gain coeffi- 
cient of the fifth transistor. 55 



35. An electro-optical device comprising: 
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Fig. 6(a) 

<ExampIe of lout change due to parameter adjustments 
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VDREF 
large 


Ka large 


Kb large 
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15 
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Fig. 8 
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